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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an image sensor which uses 
resolution switching method and mechanism which minimize the number of 
shift registers for improving the overall performance. 
SOLUTION: This method consists of an array of photodetectors which 
individually respond to incident light and independently generate electronic 
signals, after being collectively reset by a reset signal, a multiplexer which 
consists of plural groups of switches and has each switch coupled to one 
photodetector, and many resolution switches which are operated 
synchronously with a clock control signal and receive respective 
electronic signals, and groups of switches are turned on in series 
synchronously with the clock control signal. When one group of switches 
are turned on, electronic signals of photodetectors coupled by this group 
of switches are respectively read out. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The array of the light sensitive cell which generates an electronic signal independently after each answers an 
incident light and a light sensitive cell is collectively reset by the reset signal; It consists of a switch of two or more 
groups. Each switch operates respectively synchronizing with the multiplexer and; clock control signal which are 
combined with the light sensitive cell of 1. When it consists of much resolution switches which receive each electronic 
signal, the group of a switch is serially turned on synchronizing with a clock control signal and the switch of the group 
of 1 is turned on this — the picture sensor by which each electronic signal of the light sensitive cell combined by the 
switch of the group of 1 is read, respectively 

[Claim 2] It is the picture sensor according to claim 1 by which it is combined with one of the resolution switches, it 
has further the amplifier which has an input, each of this input receives one of each of the electronic signal when one of 
the resolution switches of these is turned on, and one of the resolution switches of these receives one of each of the 
electronic signals of these. 

[Claim 3] This array of a light sensitive cell is a picture sensor according to claim 2 which is constituted as a single 
dimension picture sensor array, and is manufactured from a complementary metal oxide semiconductor (CMOS). 
[Claim 4] It is the picture sensor according to claim 2 by which it is combined with the group of 1 of the switch of a 
multiplexer, each of this shift register is controlled, including two or more shift registers further, and the group of 1 of 
this switch is turned on by the pulse from one of the shift register combined with the group of 1 of this switch. 
[Claim 5] this — the picture sensor according to claim 4 by which each electronic signal from the switch of the group of 
1 is sequentially combined with amplifier with the number of the resolution switches which operate sequentially, 
respectively, respectively 

[Claim 6] this — the picture sensor according to claim 4 by which each electronic signal from the switch of the group of 
1 is simultaneously combined with amplifier with the number of the resolution switches which operate simultaneously 
[Claim 7] The array of N light sensitive cells which generate an electronic signal independently after each answers an 
incident light and a light sensitive cell is collectively reset by the reset signal; It consists of N switches. Each switch 
consists of K resolution switches respectively combined with one of the K switches by the array of M data registers 
and each of;M group which were respectively combined with the group of 1 of the switch of the multiplexer combined 
with one of the N light sensitive cells, and;M group. It is the picture sensor turned on by the switch of the group of 1 N 
switches are group-ized by M groups, and M groups each are K=N/M here including K switches, and simultaneous [ M 
data register / one ]. 

[Claim 8] It is the picture sensor according to claim 7 by which it has further the amplifier which has K inputs, and 
each of the input of these K individuals was combined with one of the K resolution switches. 

[Claim 9] It is the picture sensor according to claim 8 which the resolution switch of these K individuals is turned on 
one by one, and outputs the signal with which amplifier consists of each electronic signal from N light sensitive cells 
by that cause, 

[Claim 10] It is the picture sensor according to claim 8 by which K resolution switches are simultaneously turned on 

and amplifier outputs the signal merge electronic signal from each group of M groups by that cause. 

[Claim 11] All of K resolution switches are N light sensitive cells, N switches, M data registers, and the picture sensor 

according to claim 7 manufactured so that it may be packed by the semiconductor material of a piece as a single 

device. 

[Claim 12] This array of a light sensitive cell is a picture sensor according to claim 1 1 which is a complementary metal 
oxide semiconductor (CMOS). 

[Claim 13] All of N light sensitive cells, N switches, M data registers, K resolution switches, and amplifier are the 
picture sensors according to claim 8 manufactured so that it may be packed by the semiconductor material of a piece as 
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a single device. 

.[Claim 14] This array of a light sensitive cell is a picture sensor according to claim 1 3 which is a complementary metal 
oxide semiconductor (CMOS). 

[Claim 1 5] When N light sensitive cells are exposed to an object, after it generates N electronic signals from N light 
sensitive cells of a picture sensor, respectively and; exposure control signal stops It consists of each stage which 
outputs N electronic signals to K resolution switches combined with amplifier since N electronic signals were shifted 
to N temporary memory cells, respectively, the array of N switches was turned on by the; predetermined method and 
an output signal was generated from a;N piece temporary memory cell, respectively. Each of M groups is the method 
of controlling the resolution of the picture of the picture sensor each of N switches is combined with one of the N 
temporary memory cells, grouping of the N switches is carried out to M groups, and it is [ sensor ] K=N/M including K 
switches. 

[Claim 16] this predetermined method ~ at once - a group — switching on ~ it is — thereby - each electronic signal - 
respectively — the resolution of K pieces — the method according to claim 15 received with a switch 
[Claim 1 7] the resolution of K pieces — the method according to claim 16 by which it switches on one by one, and each 
electronic signal is inputted into amplifier by that cause, respectively 

[Claim 18] It is the method according to claim 16 by which K resolution switches are turned on always and each 
electronic signal is intensively inputted into amplifier by that cause. 

[Claim 19] It is the method according to claim 15 by which M is equal to 2 and K resolution switches are turned on by 
turns. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention minimizes the number of the shift registers used more 
for the detail about a picture detection system, and in order to raise the overall performance of a picture sensor, it 
relates to the circuit architecture for the picture sensor using the internal mechanism which switches resolution, and the 
method relevant to it. 
[0002] 

[Description of the Prior Art] Many application which needs the imaging system changed into the electronic format 
which analyzes a target later, uses as a pudding, and distributes, or can be archived exists. Generally an electronic 
format is the digital image of a target. The typical example of an imaging system is a scanner and a target is a book or 
the piece of paper of a report. The electron or digital image of a piece of paper occurs through a scanner. 
[0003] An imaging system contains the picture detection module which usually changes a target into a picture 
optically. The element used as the key of a detection module is a picture sensor which consists of an array of the light 
sensitive cell which answers the light which carried out incidence on the picture sensor. Each of a light sensitive cell 
generates the electronic (charge) signal showing the luminous intensity reflected from the target. The electronic signal 
from all light sensitive cells is read, and in order to form the digital signal or picture of a target, it is digitized through 
an analog-to-digital converter. 

[0004] One very common mold of a picture sensor is charge coupled devices (CCD). Although other low-cost picture 
sensors may more generally be used in the future, they are made from a complementary metal oxide semiconductor 
(CMOS). In order that the remarkable number of shift registers may generally make read-out of an electronic signal 
easy, it is used with the mold of both above of a picture sensor as a supplemental circuit. For example, in the mold of 1 
of the picture sensor which consists of a light sensitive cell of 1024 (IK), 1024 or more shift registers exist typically. 
[0005] The field which is one of the semiconductors actually packed as a picture sensor, and was occupied by many 
shift registers is very remarkable as compared with the field occupied by the light sensitive cell. The further reduction 
cannot be desired when, as for the cost of a picture sensor, the size of a picture sensor does not decrease. Therefore, 
there are big needs which decrease the size of a picture sensor, without spoiling the performance of the whole picture 
sensor. 

[0006] A COMS picture sensor has many unique features studied in order to search for the possibility of the further 
cost reduction and an improvement of a performance. While the whole performance of one of the desirable possibility 
improves, it is determining whether the size of a CMOS picture sensor decreases further. Especially the picture sensor 
of a smaller size and the improved whole performance will surely be welcomed in a consumer electronic commercial 
scene. 
[0007] 

[Problem(s) to be Solved by the Invention] this invention is made from the consideration to an above-mentioned 
problem and above-mentioned needs, and is applied [ as opposed to / a picture system like a scanner, a digital camera, 
and a computer visual-sense system / especially ]. 
[0008] 

[Means for Solving the Problem] Many picture sensors are used in order that the remarkable number of the shift 
registers generated by the light sensitive cell of a picture sensor may make read-out of an electronic signal easy. These 
shift registers occupy the quite big field of a picture sensor typically. It is how many picture sensors one factor which 
determines the cost of a picture sensor can actually cut down on the semiconductor wafer of the usual size. When a 
picture sensor is designed smaller, without making any performances into a sacrifice, a wafer can manufacture more 
sensors, and cost decreases notably. 
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r00091 In order to make it easy that the method relevant to the architecture and it to a picture sensor which were 
ndicald read! the Electronic signal generated by the light sensitive cell of a picture sensor, the internal switching 
SSS^Si^lSby the numbefof much few shift registers is used. Furthermore, the overall perf o^e ofa 
^cnir?r e ^improves The array of the light sensitive cell which generates an electronic signal independently after 
Sing t ^onTexan^ie of this invention each answers an incident light and a light sensitive cell is collectively reset 
^^sKHLisfcts of a switch of two or more groups. Each switch operates respectively synchron zm with 
Ae muSexef and; clock control signal which are combined with the light sensitive cell of When it consists of 
much re Sn^w itches which receive each electronic signal, the group of a switch is senally turned on 
^chSSg wiA a clock control signal and the switch of the group of 1 is turned on this - the picture sensor by 
whTch eXlectronL signal of the light sensitive cell combined by the switch of the group of 1 is read, respectively is 



S i 01 It is combined with one of the resolution switches, this picture sensor has further the amplifier which has an 
Zt each ofSnput receives one of each of the electronic signal, when one of the resolution switches of these £ 
input each o : tms mpw r : switches of these receives one of each of the electronic signals of these. Therefore 

turned on ^^^^^^r^^^^ architecture and the new method for the picture sensor which 
IlSTe" to make it easy to read the electronic signal generated by the light sensitive 



cell of a picture sensor. 
[0011] 



K°V;L™t« of the Tnventionl The purpose of the above-mentioned this invention is attained by explanation of the 
^^^SSS^SSSS^ in the example of this invention. I am understood still more clearly by 
S detaTS [ explanation of this invention to which other features and advantages referred to drawing below by 

mUUn to loUolTg detailed examples of this invention, in order to offer a general understanding of this invention, 
[ Jifil numeric value is explained in detail. However, it is clear to this contractor that this invention can be earned 
ouTwlout ^ "dS^Siption and expression here are used in order to make other contractors of these 

Z\^Z ^m^pare^hyma of work of this contractor of this field effectively. If it puts in another way, die method 
prTeduCparts, and a circuit will not be explained in detail, in order to avoid blocking the feature of 

^S^r^^^^m^ an analogous sign shows analogous parts through some drawings. Drawing ! 
hows »m cha^t of the imaging system 100 by which this invention is applied. Although the imaging system 
100 con^insScan^er from whfcha target 1 10 is optically changed into a digital image 120, a digital camera, or an 

i00?4?wltte n S ^ a ,r CC 0f , P T- *" tim bl 

Ttoei^Zl Tsy «33o being a digital camera - a target 110 - scene or a group - many like an object are possib e 
Taraeri 10 afe Parts inspected then the imaging system 100 is an image acquisition system. Nevertheless what was 
S ^fromtheTmagSg system 100 is alwfys the same, namely, is the digital (black-and-white or color) picture 120 

moVsT AoictL 120 is the array of a pixel typically, and each has a value between 0-255 when expressed with a 8-bit 
^^^«j^wiAothiwtfo^(10bits, 12bits, 14 bits, 16 bits ) it has different maximum. 
W^n Cclu^ter ofTpixel has the value of 255 in a detail more in a 8-bit format, all the points of the target 1 10 
TncsXS^tl a duster are whites. On the contrary, when the cluster of a pixel has the value , of 0, all the points of 
Z Ssetl 10 corresponding to a cluster are black. When a pixel has a value between 0 and 255, change of reflection 
* the Si t of ^^ 0"? hown. When the imaging system 100 is able to reproduce a color, a picture 120 consists 
f f ° *™_ fcak picture typically, and, generally each expresses red, green, and a blue on-the-strength picture. 

uZ^JSZ^^*** tSget 119 is expressed by the color picture formed by the imaging system 100 

Pi-re system or the picture detection module 100, a 
Lird c appeHs SeStood from the picture serlsor 1 30 and the optical system 1 32 at least. The optical system 1 32 
S«S?S^u3Sfi^ a target 110, and focuses it on the picture sensor 130, and, thereby, the picture; o target 
nS^^ m Stuie fensor 30. A picture or an incident light means either of die transmitted lights from the 
tared Sp^ent) 1 10 ihuminated with the reflected light or the back light light source from a target (it is .opaque) 
SS2 ti t2e front light light source as used here. Typically, the ^J^St^^ST 
' " Zht sensitive cells is manufactured by the complementary metal oxide semiconductor (CMOS), and is 
rnstinfed a X oftne 2^ensional sensors called the one-dimensional array called a linear sensor or an area 
SS?AliS sSve cell has sensitivity highly to light, and each generates a charge signal proportional about 
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picture luminous intensity. A term called the charge signal used again here means the signal generated from the light 
■sensitive cell by the incident light. Furthermore, a charge signal means an electric discharge signal with CMOS in 
detail. 

[0017] As for operation of the picture sensor 130, often, including two processes, it is optical integration processing the 
first and the second is read-out processing. In optical integration processing, each light sensitive cell accumulates the 
incidence photon of picture light, and the accumulation is reflected in a charge signal. It stops that a light sensitive cell 
catches the further photon after optical integration processing. On the other hand, the charge signal of each light 
sensitive cell has read-out processing started, and a light sensitive cell is serially read to a data bus or a video bus as an 
analog video signal through a readout circuitry (amplifier), respectively. 

[001 8] It is combined with a data bus and the analog-to-digital converter (A/D) which digitizes the electronic signal 
from all light sensitive cells to the digitized signal which is memorized one by one suitable for memory 150 exists. 
Typically, the imaging system 100 includes the digital-signal-processing circuit 160 which adjusts, amends, processes 
and compresses the signal digitized since a suitable digital image or a suitable signal was further outputted to timely 
depending on use of the imaging system 100. 

[0019] A digital image or a signal is loaded to a host computer typically like an IBM compatible computer. A host 
computer performs the driver which communicates with the imaging system 100. When a picture sensor has specific 
sensor resolution (the number of the light sensitive cells per an inch or square inch), the resolution of a generating cell 
digital image or a signal is directly equivalent to sensor resolution from a picture sensor. When application needs low 
resolution more from a digital image or a signal, a driver performs processing which decreases from high resolution to 
low resolution using processing similar to the data interpolation. Resolution reduction processing wastes time, it is 
removable excessive processing and a picture is generated still more efficiently by the architecture of this invention. 
[0020] In order to give detailed explanation of this invention easy, drawing_2 shows the CMOS light sensitive cell 200 
simply modeled as a circuit (one mold of a light sensitive cell) of resistance 202, a capacitor 204, and a typical 
photodiode. When a reset signal is impressed to "Reset"206, a capacitor 204 is completely charged by Vcc through a 
transistor 208, and it means that, as for this, the light sensitive cell 200 has prepared optical integration or exposure to 
the scanning object. It is essentially stopped by the charge by Vcc to a capacitor 204. 

[0021] From the picture light source 216, the resistance of resistance 202 decreases, so that more incident-light 
children do ingress to a light sensitive cell 200. A capacitor 204 starts electric discharge through resistance 202. If there 
are more many photon densities typically, the photons of many in a light sensitive cell will be collected, therefore the 
resistance of a resistor 202 will become smaller. Therefore, the signal Vout which discharges more quickly is acquired. 
If it puts in another way, the signal from Vout will be proportional to the photon which carried out ingress to the light 
sensitive cell, and will be called an electronic signal here. 

[0022] With reference to drawing 3 , the circuit diagram of the CMOS picture sensor 300 by one example of this 
invention is shown. The picture sensor 300 consists of an array of the light sensitive cell 302 modeled as an array of a 
photodiode. When the picture sensor 300 is prepared for operation, it is a time of a light sensitive cell 302 being 
completely charged by Vcc. Shortly after operating to image for [ by which the picture sensor 300 was preferably 
illuminated with the light source ] a scan, a light sensitive cell 302 will be exposed from the illuminated object to the 
reflected light, and will discharge from Vcc. 

[0023] The picture sensor 300 includes the array of the parallel damping switch 304 further. Each switch 304 is 
combined with one of the light sensitive cells 302. A switch 304 is intensively controlled by the control signal which 
controls the exposure time of the picture sensor 300 again. When it puts in another way and the exposure time is 0.02 
seconds, after a light sensitive cell 302 is exposed for a scan to the period, a control signal operates so that a light 
sensitive cell 302 may not collect photons further by the reflected light and it may be stopped. Synizesis of the parallel 
damping switch 304 shifts the electronic signal generated in the light sensitive cell 302 to each capacitor 306. 
[0024] The multiplexer 308 connected in parallel with a capacitor 306 includes a capacitor 306 and the switch of the 
same number preferably. The switch of a multiplexer 308 is structured so that the array of switch diode may be used, 
and it is turned on and off by the suitable voltage impressed over it. according to one example, a multiplexer 308 has 
two outputs 310 and 312, and connects one 3 1 0 intensively alternately [ of the switch of a multiplexer 308 ] -- having - 
- other -- 312 is connected intensively alternately [ of others of a multiplexer 308 ] Both outputs 310 and 3 12 are 
combined with amplifier 314 through each resolution switch 318 and 320. Suitable analog video signal Vout is 
generated in suitable control of a resolution switch. 

[0025] As explained in detail by the following, the feature of 1 of this invention is introduction of a resolution switch. 
The number of the resolution switches used relates to the number of the shift registers currently used. For example, N 
light sensitive cells exist, therefore N switches are used by the multiplexer 308. It is divided into M groups, and each 
group has same desirable number of switches, namely, N switches are k=N/M. The ideal multiplexer 308 has k outputs 
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and k resolution switches exist between a multiplexer and the amplifier following it. The switch of each group is 
intensively controlled by the shift register of 1 . If it puts in another way, the pulse signal output of shift register sky 
turns on the switch of the group simultaneously. Although the electronic signal combined with the group of a switch is 
simultaneously read as a result, when it is wished that it is maintained to resolution faithful as sensor resolution of the 
picture from which the electronic signal was acquired, a toggle is carried out by the resolution switch, respectively. It 
turns out that read-out speed increases k times when an electronic signal is made into low resolution k times. The 
advantage of a design of this invention becomes still clearer by specific design so that it may explain below with 
reference to drawing 3 . 

[0026] grouping of the switch of a multiplexer 308 is carried out to two groups — having — the first group - every 
other [ of a switch ] one — since — every other [ of everything / become and / Tano / but a switch ] one — since — it 
becomes More, to accuracy, the first group of a switch starts the third, the fifth, etc. from ** for a start, the number is 
odd, or the second group of a switch starts the second, the fourth, the sixth, etc. from **, and the number is even. Here, 
a number is for labeling rather than is required. It is desirable to carry out grouping of the switch combined with the 
light sensitive cell to the odd number field by the area picture sensor to the group of 1 , and to carry out grouping of the 
switch combined with the light sensitive cell to the even number field to other groups. By the linear sensor, every other 
[ of a switch ] one is the group of 1 , and others in every other one become other groups. 

[0027] The switch of a multiplexer 308 is controlled by the shift register array 316 which consists of a moiety of a shift 
register. If it puts in another way, when N light sensitive cells exist in the picture sensor 300, only N/2 shift register is 
required for the shift register array 316. When N is actually a huge number, this is a remarkable reduction of the shift 
register to be used. Although the picture sensor used by this invention is designed smaller, the performance improves 
by one side. 

[0028] In order to control the switch of the number of two times by the multiplexer 308 completely, each shift register 
of the shift register array 316 controls two switches of a multiplexer 308. For example, each shift register controls two 
adjoining switches of a multiplexer 308. The pulse Di which turns on the switch of a multiplexer 308 one by one is 
shifted more from the shift register of 1 to other shift registers at a detail. When the shift-out of the Di is carried out 
from the shift register of 1 which controls two adjoining switches, two adjoining switches are turned on simultaneously 
and make each electronic signal memorized by each capacitor (two of capacitors 306) read as outputs 310 and 312. 
[0029] The resolution or the toggle switches 318 and 320 of a couple which were controlled between the outputs of a 
multiplexer 308 and amplifier to synchronize with the switch of a multiplexer 308 exist. When fidelity or high 
resolution (resolution expressed truly by the picture from which the picture sensor was obtained) is required, switches 
3 1 8 and 320 are turned on by turns, namely, only one is combined with amplifier 3 1 4 at once, and, as for switches 3 1 8 
and 320, this means further that the signal in outputs 310 and 312 is read, respectively. In requiring a low resolution 
only like the half of faithful resolution, two light sensitive cells express a pixel, switches 318 and 320 are turned on 
simultaneously, and it means that this is merged as an output with which the signal in outputs 310 and 312 was 
combined (merge). 

[0030] (A) of drawing 4 and (B) show the control signal of the couple to the case of the above-mentioned quantity and 
a low resolution, respectively, combine with drawin g 3 and must be understood. In (A) of drawing 4 , the clock control 
signal 402 is acquired from the main clock signal preferably generated from the oscillator circuit, and is inputted into 
the shift register array 316. As mentioned above, Di is a pulse and is inputted into the shift register array 316. Driving 
with the clock control signal 402, Di shifts and turns on two switches of a multiplexer 308 one by one. Signals 404, 
406, 408, and 410 show that the switches S1/S2 of a couple, S3/S4.S5/S7 [ S6 and ]/S8 are turned on, respectively. 
Synchronizing with the clock control signal 402, switches 318 and 320 are turned by turns on and off by signals 412 
and 414. As a result, the electronic signal from two switches of a multiplexer 308 switched on is read identifiable to 
amplifier 314. 

[0031] Similarly, the same thing is shown except for (B) of drawing 4 having the same signal-control switches 318 and 
320. As a result, the electronic signal from two switches by which switch-on was carried out by the multiplexer 308 is 
read, without being discriminated by amplifier 314 so that the output of a picture sensor with which the low resolution 
version was combined more may be generated. 

[0032] Drawing 5 shows an example of the amplifier 314 of drawing 3 . This circuit is known by this contractor and 
the output of amplifier 3 14 is shown as follows. 
When SI is turned on: Output = (R3/R1) input 1 ; (1) 
When S2 is turned on: Output = (R3/R2) input 2; (2) 

When both SI and S2 are turned on: Output =R3/(input 1 / R1 + input 2 / R2); (3) 

It is omitted for simplification of a negative sign, and the resistance of Rl, R2, and R3 is adjusted so that an output 
may fill a specific design demand. 
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[0033] Drawing 6 and 7 show the process-flow chart of this invention by one example, and this is connected with the 
remaining drawing. By 602, the light sensitive cell of a picture sensor is prepared to exposure. Typically, a light 
sensitive cell is charged by predetermined level like Vcc. In 604, a picture sensor operates, and this makes a light 
sensitive cell collect the photons of an incident light, starts an electrodischarge treatment in the meantime, and 
generates an electronic signal. Shortly after a picture sensor stops imaging, a light sensitive cell will shift the electronic 
signal generated in the stage 606 to temporary record which is each capacitor typically. 

[0034] The resolution signal from a setup which shows whether, as for the picture sensor, the resolution of the degree 
of the driver performed with the host computer, a picture, or a signal was found out by 608 is received. A resolution 
signal determines operation from which a resolution switch differs. 

- Low resolution : the number of the switches of each group of a multiplexer is disregarded, and a resolution switch is 
simultaneously turned on and off by 610. When a resolution switch is turned on (flow), the electronic signal combined 
with the switch switched on is altogether supplied to the amplifier following it which generates the video signal 
acquired from all inputs by the relation (3) of processing by 612. 

- High resolution : the number of the switches of each group of a multiplexer determines the number of the resolution 
switches used. As an example shown in drawing 3 , grouping of the switch of a multiplexer is carried out to two 
groups, therefore two resolution switches are used. Two resolution switches are turned on and off by turns, namely, 
others are OFF when 1 is ON. When more resolution switches exist by 614, a switch operates sequentially. As a result, 
the electronic signal combined with the resolution switch is supplied to the amplifier following it, respectively, and it 
generates the video signal which originates in an input 616 by the processing relation (1) or (2). 

[0035] It is clear to this contractor that this invention is preferably used by many picture detection modules and the 
picture sensor for systems. The picture sensor using this invention is designed still smaller by decreasing the number of 
shift registers, and the overall performance is reinforced further, this invention has explained the to some extent 
specific example in detail. It is because this indication of an example is only instantiation, and it is clear to this 
contractor do without arrangement of parts or many change of combination separating from the pneuma and the range 
of this invention which were shown in the claim. Therefore, the range of this invention is prescribed by the above- 
mentioned not an example but claim. 
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